The treatment options for oral lichen planus (OLP) are numerous and include topical and systemic agents. Intralesional and systemic corticosteroids are used; however, the therapeutic results are often disappointing. Objective: To compare the influence of ozone, laser, and topical corticosteroid therapies in the treatment of OLP. Methods: One hundred twenty adult patients with ≤3 cm atrophic-erosive biopsy-proven OLPs in the tongue or buccal mucosa were recruited into the study. They were randomly assigned, by preoperative envelope drawing, to be treated with low-level laser therapy (LLLT group), ozone therapy (ozonated group), and topical corticosteroid therapy (positive control group). A placebo treatment containing base ointment without the active corticosteroid component was administered to patients in the negative control group. Response rate scores were determined on the basis of changes in the appearance score and pain score of the lesions between baseline and after each treatment. Results: The study subjects consisted of 56 male and 64 female OLP patients with a combined mean age of 42.6±8.3 years (range, 28∼55 years). No statistically significant difference was detected in clinical severity among the groups. The sign scores decreased in almost all scoring groups; however, statistically significant improvement was found in the ozonated and corticosteroid-treated groups.
INTRODUCTION
Lichen planus is a common chronic mucocutaneous disease of uncertain origin that has been shown to affect 0.5% to 2.2% of the studied populations [1] [2] [3] [4] [5] [6] [7] [8] . The oral lichen planus (OLP) affects approximately 2% of the population 2, 3 . OLP, in general, may arise in ＞70% of persons with skin lesions. The frequency of malignant change ranges from 0.4% to 3.3%, with the periods of observation being from 0.5 to ＞20 years 4 .
Six clinical forms of OLP have been described: reticulated, plaque-like, erosive, papular, atrophic, and bullous 4 . Reticular OLP is the most common form and is relatively asymptomatic. On the other hand, the erosive, atrophic, and bullous forms are typically the most symptomatic, often debilitating, and prompt the patient to seek care. Compared with self-limiting cutaneous lesions, most OLP lesions are chronic, rarely undergo spontaneous remission, and are difficult to treat completely 5, 6 .
OLP is seen worldwide, mostly in the fifth to sixth decades of life, and is twice as prevalent in women as in men 1, 4 . The differential diagnosis of erosive OLP includes squamous cell carcinoma, chronic candidiasis, benign mucous membrane pemphigoid, pemphigus vulgaris, chronic cheek chewing, lichenoid reaction to dental amalgam or drugs, hypersensitivity mucositis, and systemic disease such as erythema multiforme, graft-versus-host disease, and discoid lupus erythematosus 3, 4, 7 .
The treatment options for OLP are numerous and include topical and systemic agents. Intralesional and systemic corticosteroids are used but with often disappointing therapeutic results 4, 8 . Topical corticosteroids remain the mainstay of therapy; however, their long-term use may cause some adverse effects such as candida overgrowth, thinning of the oral mucosa, and discomfort on application. Gorsky et al. 9 showed that candidal lesions were found in 32% of OLP patients who received corticosteroid therapy.
In addition, some patients may not respond effectively to only topical corticosteroid application. Low-level laser therapy (LLLT) has potential biostimulating effects when applied to oral mucosal tissues. LLLT seems to offer some benefits in controlling the inflammatory process by promoting the healing of the tissues, but without undesired adverse effects, and also by reducing pharmacologic support after a surgery 10 .
The anti-inflammatory effect of LLLT could be due to an increase of phagocytic activity, an increase in the number and diameter of lymphatic vessels, a decrease in the permeability of blood vessels, and a restoration of microcapillary circulation, normalizing the permeability of vascular walls and decreasing edema 11, 12 . LLLT has also gained acceptance for the treatment of premalignant oral mucosal lesions such as leukoplakia and OLP. Many types of laser are now used for the treatment of various diseases. A few literature reports demonstrated the use of a diode laser for the treatment of OLP 13, 14 .
Another nonmedication method used to treat OLP in dentistry is ozone therapy 15 . Ozone reacts with blood components (erythrocytes, platelets, leukocytes, and endothelial cells) and induces oxygen metabolism, cell energy, immunomodulatory changes, the antioxidant defense system, and microcirculation in tissues 16 . Such effects resemble the biostimulatory property of LLLT that has been widely studied 10, 17 .
The aim of this study is to compare the influence of ozone, laser, and topical corticosteroid therapies in the treatment of atrophic-erosive OLP.
MATERIALS AND METHODS

Patients
One hundred twenty adult patients with atrophic-erosive OLP (≤3 cm) in the tongue or buccal mucosa were recruited into the study. 
Laser therapy
Patients in the LLLT group were treated with laser irradiation (exposure time, 2.5 min; fluence, 1.5 J/cm 2 per session; irradiance, 10 mW/cm 2 ; no. of illumination point, 1; area, 1 cm 2 ). A diode laser (808 nm, 0.1 W, continuous wave; Fotona XD-2; Fotona, Ljubljana, Slovenia) was used as a light source. A light exposure dose of 120 J/cm 2 was used for 2.5 min. The lesions and 0.5 cm of their surrounding tissue were illuminated with a spot size of 1 cm 2 . Laser irradiation was done two times a week (once every third day) for a maximum of 10 sessions. In each session, the laser used was not in contact with the tissues. The application distance was 0.5∼1 cm; because at this distance, the difference in application distance did not affect the spot size with the handpiece that was used. Large lesions were illuminated with multiple spots.
Ozone therapy
Ozone therapy was performed by using an ozone generator (Ozonytron; Biozonix GmbH, Munich, Germany) with a tissue probe (alveolar probe) (Fig. 1 ). The ozone generator was applied intraorally with an intensity of 60% for 10 s, according to information given by the manufacturer. Irradiation was done twice a week (once every third day) for a maximum of 10 sessions (Fig. 2) . When the tip of the probe is placed in contact with the body, it emits energy around the treated area and splits environmental diatomic oxygen into singular atomic oxygen and ozone.
The concentration of ozone in the operation field is 10∼ 100 μg/ml.
Control groups
Patients in the positive control group were treated with local corticosteroids consisting of dexamethasone mouthwash (Deksamet syrup; Osel Drug, Istanbul, Turkey) for 5 min, followed 30 min later by a mouth rinse with 30 drops of nystatin solution (100,000 units) (Mycostatin oral suspension; Deva Drug, Istanbul, Turkey) (four times a day for 1 month). The patients were followed weekly during this period. A special solution filled with base ointment without the active corticosteroid component was prepared for patients in the negative control group, such as a dexamethasone mouthwash package. The patients gargled with this solution for 5 min. This application was repeated four times a day for 1 month.
Assessments
The ozone and laser therapies were performed by one operator (H.O.K.). Another skilled examiner (M.E.), who was blind to the treatment received by each patient, recorded the group and size of the lesion and the patient-reported pain.
The means of patient's records, oral investigation, symptom changes, and clinical signs were determined for each patient. Erosive-atrophic OLP consists of reticular, erosive, and atrophic lesions at the same time. The severity of the lesions was scored according to presence of reticular, atrophic, or erosive lesions as follows: reticular/hyperkeratotic lesions were scored from 0 to 1 (0=no white striations, 1=appearance of white striations); erosive/erythematous areas were scored from 0 to 3 according to area of involvement (0=no lesion, 1=lesions ＜1 cm 2 , 2=lesions from 1 to 3 cm 2 , 3=lesions ＞3 cm 2 ); and ulcerative areas were scored from 0 to 3 according to area of involvement (0=no lesion, 1=lesions ＜1 cm 2 , 2=lesions from 1 to 3 cm 2 , 3=lesions ＞3 cm 2 ). For patients with more than one OLP lesion, a sign score was derived. The mouth was divided into four areas (right and left buccal mucosa, and right and left border of the tongue), and the scoring system was arranged with the summation of the scores of all four areas [reticular score=R, atrophic score=A, erosive/ulcerative score E (RAE score), with a total weighted score of R+(A×1.5)+(E×2.0)] 18 .
Reduction in the sign scores were scored according to the sign scoring scale of Thongprasom et al. 19 , as follows: 5
(white striae with an erosive area ＞1 cm 2 ), 4 (white striae with an erosive area ＜1 cm 2 ), 3 (white striae with an atrophic area ＞1 cm 2 ), 2 (white striae with an atrophic area ＜1 cm 2 ), 1 (mild white striae only), and 0 (no lesions, normal mucosa). The difference between baseline and after-treatment scores numerically expresses the clinical and symptomatic improvement. The efficacy indices (EI) of the LLLT, ozone, and corticosteroid treatments were calculated on a five-rank scale according to the methods of Liu et al. 20 , with some modifications as follows: [(before treatment total score after treatment total score)÷before treatment total score]×100%. According to this scoring system, symptom improvement was scored as follows: healed, EI=100%; marked improvement, 75%≤EI＜100%; moderate improvement, 25%≤EI＜75%; mild improvement, 25%＜EI＜0; no improvement=0.
To evaluate the pain experience of the patients, a 0 to 10 visual analogue scale (VAS) was used, with the following scores: 3 (7＜VAS≤10), 2 (3.5＜VAS≤7), 1 (0＜VAS≤ 3.5), and 0 (no pain) 21 .
Two oral medicine clinicians who were not authors of the current study evaluated each subject weekly for the improvement rate and adverse effects during treatment. The lesions of the patients were followed at 1, 3, and 6 months after the treatment to evaluate any residue, recurrence, or change. Data were analyzed by using SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics including mean, median, and standard deviation were used. Also, inferential statistics including the chi-square, Mann-Whitney, Student's t, and Fisher's exact tests were used. The Wilcoxon sign test was used to evaluate the difference in the sign score of lesions between before and after treatment. Values of p＜0.05 were considered statistically significant.
RESULTS
The study consisted of 120 OLP (56 male and 64 female) patients with a combined mean age of 42.6±8.3 years (range, 28∼55 years). No statistically significant difference was detected in sex distribution, location, and clinical severity of the lesions among groups. The Wilcoxon sign test showed that the sign scores decreased in almost all scoring groups of the LLLT-, ozone-, and corticosteroid-treated patients; however, a statistically significant improvement was found in the ozonated and corticosteroid-treated groups (Fig. 3) . No significant difference was found among the groups according to symptom improvement before and after treatments. Symptom improvement and pain increment were achieved after treatment in corticosteroid-and ozone-treated patients (p＜0.05) (Fig. 4, 5 , Table 1 ). The EI were significantly higher in the ozonated and corticosteroid-treated groups (Table 2) . No statistically significant association was detected between the location of lesions and response to treatment (p=0.631). There were no serious intra-or postoperative complications, and we have not seen any other adverse effects during the follow-up period.
After the cessation of topical treatment with corticosteroid ointment, 15 of the 30 patients (50%) experienced a relapse of OLP within 4∼17 weeks; the mean time to re- Values are presented as mean±standard deviation. Paired t-test: significant (p＜0.05). 
DISCUSSION
There are various treatment strategies for OLP. Topical corticosteroids are recommended because OLP is an immunologically mediated condition, and intralesional and systemic corticosteroids are also used. Other medications include immunosuppressants (e.g., cyclosporine and tacrolimus), topical or systemic retinoids, and oral metronidazole 8 .
Use of local or systemic corticosteroids and nonsteroidal anti-inflammatory drugs may manifest several adverse effects. Therefore, a new nonmedication treatment that is comfortable to patients is necessary. Laser surgery for oral leukoplakia was first performed by Ben-Bassat et al. 22 Owing to the numerous advantages of the laser, for example, its hemostatic effect, limited scarring and cicatricial contractions, minimal thermal damage to adjacent tissues, and minimal postoperative pain, it has since been used for the treatment of oral mucosal lesions by many researchers 23 .
Unlike high-power lasers used to break down tissue thermally, LLLT is considered to work through the interaction of light with the cell and tissue. This interaction might be affected by some parameters such as wavelength, power, energy density, treatment duration and intervention time, method of application, structure, and condition of tissue. The dose of laser applied is an important treatment benefit of LLLT. However, a precisely determined dose has not been proved for each indication. Biostimulation has been reported in the literature with doses between 0.001 and 10 J/cm 2 as a therapeutic window 23 . Although the applied dose is in the therapeutic window range, it might be too low or too high for the desired effect. Mester et al. 24 reported that doses of ∼1∼2 J/cm 2 are necessary to see an effect on wound healing. The diode laser is currently used in many medical fields; however, only a few reports discuss its use in treating lesions of the oral mucosa, and OLP in particular [25] [26] [27] [28] [29] . The results of earlier studies that used excimer lasers for the treatment of oral mucosal lesions were disappointing. Passeron et al. 27 used excimer lasers (308 nm) for the treatment of four OLP patients, and no improvement was observed in three patients. The laser allowed only a stabilization of the OLP lesions in two of them. In the last patient, a worsening of the disease was noted. Köllner et al. 28 also studied the effect of excimer lasers on eight patients with OLP, and only one patient responded to the treatment completely. Trehan and Taylor 26 used an excimer laser in eight patients with OLP who had previously failed to respond to traditional treatment. Of the eight patients, five showed ＞75% improvement. In the current study, a GaAlAs laser with a wavelength of 808 nm, output power of 10 mW/cm 2 , and 4 J/cm 2 energy density was used. This dose has also been proved to enhance epitheli-alization and wound healing by previous studies 25, 30 .
In this study, the improvement in terms of sign score, symptoms, and efficacy index scores is significantly greater in the ozone-and corticosteroid-treated groups than in the LLLT-treated and negative control groups. In contrast to the current study findings, Jajarm et al. 25 reported that treatment of OLP with similar laser parameters was as effective as topical corticosteroid therapy. This difference could be because of the small sample size in their study. Another physical stimulus method used for wound and bone healing is ozone therapy. Ozone (three atoms of oxygen instead of two) is normally present as a gas. The healing properties of ozone therapy resemble the biostimulatory property of LLLT that has been widely studied for the treatment of OLP 25, 26 . On the basis of this finding, some authors suggest that ozone therapy may be useful in the management of bone necrosis or in extractive sites during and after oral surgery in patients treated with bisphosphonates because it might stimulate cell proliferation and soft tissue healing 31 . Ozdemir et al 16 . analyzed the effect of ozone therapy in combination with autogenous bone grafts on bone healing in critical-size defect in rat calvaria, and they reported that ozone therapy increased bone formation. Application of gaseous ozone has also been shown to be effective in facilitating oral wound healing after high-dose radiotherapy. Agrillo et al. 31 and Petrucci et al. 32 reported that ozone is effective when used 7 days before and after tooth extraction in patients with avascular bisphosphonate-related jaw osteonecrosis. Contrarily, Matsumura et al. 33 reported that ozone does not have a major impact on the stimulation of gingival cells for osteoblastic activity in the regeneration of the periodontium around implants. In the current clinical trial, the efficacy of two new procedures, LLLT and ozone therapies, in the treatment of the OLP was evaluated. The results of this study show that ozone therapy has a significant beneficial effect in controlling the signs of OLP, with no adverse effects. However, the positive effect of LLLT therapy in controlling the signs of OLP is not significant. Each of the treatment models has a positive effect in the control of the main symptoms of OLP. The size of the OLP lesions significantly decreased in the side treated with ozone therapy. No scar formation was observed after the ozone and laser treatments. In the current study, the pain score had a statistically significant improvement in the corticosteroid-and ozone-treated groups. Most of the patients reported immediate pain relief after the first application of the treatments, and the majority of them reported a complete resolution of symptoms at the end of the treatment. As one of the primary end points in OLP treatment is to control the symptoms, this point is especially remarkable. Current treatments may reduce the pain and severity of lesions but do not actually cure OLP. In the current study, 60% of patients had ＞50% improvement of their lesions in the group treated with ozone therapy, and 55% of patients had ＞45% improvement of their lesions in the group treated with corticosteroid therapy; this ratio decreased to 25% in the LLLT group. Four female patients with severe psychological problems (two patients in the LLLT group and two patients in the ozone therapy group) had no change in their lesions. This situation supports the hypothesis by Koray et al. 34 that stress is the most frequent cause of OLP.
Although the sample size of this study was small, it seems that ozone, laser, and corticosteroid therapies have a beneficial effect on the treatment of OLP symptoms. In comparing the groups, however, ozone and corticosteroid therapies were found to be more effective than 808-nm LLLT. In addition, ozone and laser therapies did not exhibit unwanted adverse effects such as candida overgrowth. On the basis of the findings of the current study, ozone therapy could be considered a sufficient replacement to steroid treatment. Nevertheless, more detailed randomized controlled trials are needed.
